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. .  . 
ABSTRACT 

. . .  

Methods of disassembling and canning spent  f u e l  t o  a l l ow more e f f i c i e n t  
s t o r a g e  a r e  being i n v e s t i g a t e d  a t  t h e  BNFP. S t u d i e s  and development  
programs a r e  aimed a t  d ry  d i s a s s e m b l y  of f u e l  t o  a l l o w  s t o r a g e  and 
shipment of f u e l  p ins  r a t h e r  t h a n  comple t e  f u e l  a s s e m b l i e s .  R e s u l t s  
i n d i c a t e  t h a t  d o u b l i n g  e x i s t i n g  s t o r a g e  c a p a c i t y  o r  ' t r i p l i n g  t h e  
c a r r y i n g  capaci ty of e x i s t i n g  t r a n s p o r t a t i o n  equipment  i s  a c h i e v a b l e .  
Disassembly could be performed i n  t h e  BNFP h o t  c e l l s  a t  r a t e s  of a b o u t  
12 t o  15 assemblies  per day. 
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1.0 INTRODUCTION AND SUMMARY 

1.1 Purpose 

Methods of disassembling and canning spent fue l  t o  allow more e f f i c i e n t  
storage are being investigated a t  t he  BNFP. S tud ie s  and development 
programs are aimed at  'hot c e l l  disassembly of spent f u e l  assemblies  t o  
allow storage and shipment of fuel  pins only ra ther  than  complete f u e l  
assemblies. The o b j e c t i v e  i s  t o  double t he  capac i ty  f o r  s t o r a g e  or  
t r i p l e  t h e  capac i ty  f o r  t r a n s p o r t a t i o n  of spent f u e l  as  we l l  a s  t o  
s t a b i l i z e  the fuel  for  s to rage .  The work has been supported by the 
U. S. Department of Energy, Fuel Cycle Projects Of f i ce ,  under Contract  
NO. DE-AC09-78ET-35900. 

The use of the BNFP mechanical headend spaces f o r  t h e  disassembly and 
canning of spent fuel  has several  advantages as compared t o  "in-pool" 
disassembly: 

. Eliminates possible contamination of storage pool water 

Enhances v i s i b i l i t y  v i a  shielding windows 

. Reduces considerably operator radiological  exposure and job fatigue 

- Increases operational control  and f l e x i b i l i t y  

. Eliminates i n t e r f e r e n c e  with  f u e l  r e c e i p t / s t o r a g e  opera t ions  i n  
poo 1s. 

1 .2  Scope 

System Description 

Two separate canning processes for reference pressurized water  r e a c t o r  
(PWR) fue l  are being developed. The f i r s t  option loads f u e l  p ins  from 
two assemblies into a 23.50-centimeter (9.25-inch) square can t h a t  f i t s  
in to  a single assembly storage location i n  a BNFP spent fuel  pool  rack ,  
thus doubling storage capacity within the same pool space.  The second 
op t ion  loads pins  from t h r e e  a s sembl i e s  i n t o  a 3 2 . 4 0 - c e n t i m e t e r  
(12.75-inch) diameter cyl indr ical  can for shipment off-s i te  to a federal  
repository,  thus t r i p l ing  the capac i ty  of a l e g a l  weight t ruck  cask.  
Similar percentage increases are possible with BWR assemblies. 

Studies of the nuclear c r i t i c a l i t y ,  shielding, and thermal output  have 
ver i f ied the safety and adequacy of this  concept for  f u e l  aged g r e a t e r  
than three years. Storage rack seismic and loading s t u d i e s  have a l s o  
been performed which verify technical f ea s ib i l i t y .  

Figure 1-1 schematically shows the f i r s t  option by which fuel  pins  from 
two assemblies are canned and returned to  the pool storage rack. 
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Figure  1-2 shows the  second op t ion  by which f u e l  p i n s  f rom t h r e e  
assemblies a re  canned and loaded in to  a truck cask. 

The BNFP mechanical headend spaces shown on Figure 1-3 provide the  dry,  
remotely operated and maintained f a c i l i t i e s  i n  which the disassembly and 
canning equipment would be installed.  The f a c i l i t i e s  a r e  shown with all 
reprocessing equipment removed. The f a c i l i t i e s  as shown i n  the  f i g u r e  
a r e  connected t o  t h e  e x i s t i n g  s t o r a g e  and t r a n s f e r r i n g  pools  of the  
BNFP. Under e i t he r  option, the disassembly, canning, and waste volume 
reduction processes would be implemented i n  the remote cell .  The waste 
packaging and any dry fue l  receipt  or dry outloading of canned fue l  pins 
would be accomplished i n  the  remote support ce l l .  

The fue l  assembly would be transferred from the pool t o  the remote cell .  
I n  the remote c e l l ,  the following operations would be performed: 

Remove top end f i t t i n g  

Pul l  out fue l  pins (an option would ex i s t  a t  t h i s  s t a g e  t o  vent  and 
resea l  fue l  pin plenums) 

Load pins in to  can 

Seal can and perform inspections 

Compact fuel  assembly skeleton structure.  

I n  the remote support c e l l ,  the nontransuranic (non-TRU) end f i t t i n g s  
and compacted skeleton s t r u c t u r e  would be packaged and out loaded f o r  
shipment t o  a commercial bur ia l  ground. The crane room permits con tac t  
maintenance of the  c r anes  and power manipulators.  The co ld  support  
areas permit shipment of the  non-TRU waste and ope ra to r  c o n t r o l  and 
monitoring of the various processes. 

For Option 1, the canned fue l  pins from the remote c e l l  a re  t r a n s f e r r e d  
back to the pool by reversing the  fue l  assembly d e l i v e r y  system. For 
Option Two, the canned fue l  pins from the  remote c e l l  a r e  t r a n s f e r r e d  
via  the remote support c e l l  t o  a t r u c k  cask using a dry cask loading 
method. Variations of these a l te rna te  dry methods u t i l i z i n g  t h e  remote 
support c e l l  a re  shown i n  Figure 1-4. 

To support these remote processes, the remote c e l l  is provided with: 

A demonstrated f u e l  d e l i v e r y  system from pool  t o  d i s a s s e m b l y  
equipment 

Three (3) cranes 

A power manipulator 

Five (5) wall  shielding windows ( i n  a disassembly mode) 
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One (1) cei l ing shielding window 

Master-slave manipulator capabil i ty at each wall window 

Multiple periscope capabil i ty on two w a l l s  

Various u t i l i t y  s e r v i c e s  a t  each w a l l  window ( i .e . ,  steam, a i r ,  
water, decontamination solution and e l ec t r i ca l  power) 

Multiposition remote te levis ion capabil i ty 

. Multiple undedicated pipe and removable service plug penetrations on 
two walls. 

Figure 1-5 is a photograph of the remote c e l l  (with reprocessing equip- 
ment i n s t a l l e d )  t h a t  shows much of t h e  remote  s u p p o r t  equipment  
ins ta l led.  

The remote support c e l l  is provided with: 

A demonstrated non-TRU waste t r a n s f e r  , packaging, and out loading 
system 

A crane 

A power manipulator 

Four (4)  wall shielding windows 

Same as  the l a s t  f ive  items above provided for the remote cel l .  

Component Development 

A s  a f i r s t  step i n  hardware development, specif ic  remote disassembly and 
canning steps were isolated that required design c r i t e r i a  d e f i n i t i o n .  
These included: 

End f i t t i n g  removal methods 
"Fuel pin-from-skeleton" removal methods 
"Fuel pin-to-can" loading methods. 

Other steps e i ther  involved exist ing remote equipment or rather s t ra igh t  
forward remote material handling devices and have not been demonstrated. 
The intent  of these development e f for t s  was to demonstrate f e a s i b i l i t y  
and narrow the range of design parameters. 

End f i t t i n g  removal methods were investigated to cut the top end f i t t i n g  
from the fue l  assembly. The desired c u t t i n g  plane i s  between the end 
f i t t i n g  and the top of the fuel  pin bundle. In t h i s  region, only con- 
t r o l  rod thimble tubes (and i n  some cases ,  shee t  metal shrouds)  a r e  
found i n  the assembly cross section. Demonstration e f f o r t  focused on 
sawing and laser  cutt ing,  as a resu l t  of an i n i t i a l  l i t e r a tu re  review of 
various candidate mechanical and thermal cutt lng methods. 
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A s  an addi t ional  option during p in  p u l l i n g ,  i f  t he  f u e l  pin r e q u i r e s  
depressurization p r i o r  t o  r e p o s i t o r y  emplacement, a low-power l a s e r  
system was investigated t o  vent and r e s e a l  the  i n d i v i d u a l  p i n  plenums 
which would require a minimum of in-cell equipment. 

Tvo aspects of "fuel pin-from-skeleton" removal methods required inves- 
t igation.  These were how to eugage the  fue l  pin and with haw much force 
t o  pull. Various design parameters of a "puller-to-fuel pin" engagement 
device or "biter" required definit ion.  

Questions concerning the configuration of the "b i te r"  t o o t h  (ice., its 
rake and r e l i e f  angles), necessary hardness,  and b i t i n g  f o r c e  t o  grab 
the  pin end plug f o r  p u l l i n g  had t o  be answered. Included were the  
forces required t o  pu l l  fue l  pins from various fue l  assembly ske le tons .  
The fue l  pin is retained i n  the skeleton by the  spacer gr id  via  f r i c t i o n  
t o  allow for  growth i n  the reactor. It is the se  f r i c t i o n  fo rce s  t h a t  
must be overcome by the pulling force. 

Once the fue l  pins a re  pulled from the  skeleton, they muat be c o l l e c t e d  
and loadad i n t o  a can. I n  an e f f o r t  t o  minimize powered s y s t e m s  
requir ing remote maintenance, a g r a v i t y  feed c o l l e c t i o n  system w a s  
se lected consis t ing of a s lop ing  s u r f a c e  terminated by a c o l l e c t i o n  
trough. F i r s t ,  the  s l o p e  of t he  s u r f a c e  was e s t a b l i s h e d  t o  ensure  
reasonably leve l  p in  s t a c k i n g  i n  t h e  trough. Also, s e l e c t e d  t rough  
cross sections were tes ted t o  see which reduced the  p in  load ing  f o r c e s  
t o  reasonable levels. These forces develop during the ax ia l  push of the 
f r e e  pin bundle i n to  the  can. Also, the range of t he se  load ing  fo rce s  
needed def ini t ion to f i x  the design of t he  can load ing  dr ive .  A s  an 
associated study, t es t ing  was done to  develop a relationship between the 
loading force required for  a given c o l l e c t t o n  of f u e l  p ins  versus  the  
cross-sectional area of the can section being loaded. 

System Development 

The system development fo r  disassembly and canning processes  cons i s t ed  
of both hardware demonstra t ions  and i n t e g r a t e d  concept l ayouts  and 
designs. 

One hardware demonstration consisted of defining the problems associated 
with t ransfer  of an i n t ac t  dummy fue l  assembly through the remote cells .  
Another considered the  i n t eg ra t i on  of a s  many s t e p s  a s  f e a s i b l e  i n  a 
disassembly and canning process  t o  provide an i n i t i a l  ref inement  of 
estimated throughput capacities. 

A f u e l  assembly t ransfer  system to convey fuel  from the s torage pool t o  
the  remote c e l l  already exists .  It is usable "as i s "  i n  a disassembly/ 
canning process. Using our present knowledge of exist ing equipment and 
estimating processing times f o r  components not yet  manufactured, an 
i n i t i a l  estimate i n  throughput time was developed. 

To ensure that  adequate space and viewing requirements could be met, 
i n i t i a l  equipment layouts for both the disassembly and canning opt ions  
were made. I n i t i a l  design concepts t o  support  t he se  l a y o u t s  were 



established to define the s p a t i a l  envelopes of the individual equipment 
items that  would conaitute the integrated system. 

1 Summary of Results 

Results indicate  that  the BNFP mechanical headend can disassemble spent  
f u e l  assemblies and repackage the  fue l  pins i n  a dry, remotely opera ted  
and maintained f ac i l i t y .  Testing of individual disassembly ope ra t i ons  
have ver i f ied  our bel ief  that  the  process can be r e a d i l y  performed i n  
the  BNFP mechanical headend spaces. Using dedicated equipment ( i . e . ,  no 
remote crane or  manipulator used for in-line processing) r a t e s  of about 
12 t o  15 assemblies per day (approximately 6 MTU) a r e  p ro j ec t ed .  This  
process r a t e  i s  be l ieved  t o  be 3 t o  ir times g r e a t e r  than a s i m i l a r  
process i n  a contaminated pool. 

The essence of the disassembly/canning process development i s  shown by 
photograph in Figure 1-6. A l l  fue l  pins from two prototypic fue l  assem- 
b l i e s  are shown loaded in to  a can. The upper r i g h t  h a l f  s e c t i o n  con- 
t a i n s  the pins from a dummy Westinghouse 17 x 17 f u e l  assembly; t h e  
other half  section,  the  pins from a dummy Babcock and Wilcox 15 x 15 
fue l  assembly. The can was loaded using component development equipment 
and subsequent ly  demonstrated t o  f i t  w i t h i n  a mock-up s e c t i o n  of a 
typ ica l  PWR tack. This demonstrated doubling of pool s t o r a g e  capac i ty  
by putt ing the fue l  pins from two PWR assemblies  i n t o  a rack s e c t i o n  
tha t  would normally hold only one PWR fue l  assembly. 

Table 1-1 summarizes the component development e f fo r t  for the r e f e r ence  
PWR fuel .  

Three prototypic PWR fue l  assemblies were available for the development 
e f f o r t .  A l l  assemblies were used t o  es tabl ish  force ranges r equ i r ed  t o  
p u l l  fue l  pins from the spacer grids.  The pins from the Westinghouse 17 
x 17 assembly were used for b i t e r  tooth development as a "worst case" 
challenge ( i . e . ,  smallest diameter and smooth s ide  walls of the fue l  pin 
end plug). The pins from both the Westinghouse 1 7  x 17 and t h e  Babcock 
and Wilcox 15 x 15 assemblies  were used t o  s e l e c t  t h e  p in  c o l l e c t o r  
slope and to  es tabl ish  l i m i t s  on the  forces  r equ i r ed  t o  load the  f r e e  
p in  bundles into both square and round can sections. 

Development work a t  the BNFP has ver i f ied the  following data: 

(1) The square and cyl indr ical  cans can be loaded without damaging or  
placing excessive ax ia l  load on the pins. 

(2 )  Proof-of-principle demonstrations for laser and f r i c t i on  saw remov- 
a l s  of end f i t t i n g s  and l a s e r  d r i l l i n g ,  d e p r e s s u r i z i n g ,  and 
reseal ing of f u e l  pin plenum facs imi l e s  have been s u c c e s s f u l l y  
completed. 

(3 )  Development of a b i t e r  tooth configuration for a device t o  pu l l  the 
fue l  pin free from the assembly spacer g r i d s  has been succes s fu l  
( i . e . ,  hardness-60 Rockwell C [Rc] ,  r e l i e f  ang le - lo0 ,  and rake  
angle-30"). 



SQUARE CAN LOADED WITH FUEL PINS 
FROM TWO COMPLETE PWR FUEL ASSEMBLY DUMMIES 

FIGURE 1-6 



TABLE 1-1 

FUEL PIN REMOVAL AND LOADING RESULTS 

Dummy PWR Test Assembly Types 

Westinghouse (17 x 17) 

Babeock & Wilcox (15 x 15) 

Gulf United Nuclear (15 x 15) (Westinghouse Reload) 

. Force t o  Pul l  Fuel Pins from Spacer Grids - 20 t o  200 pounds 

. Fuel Pin Pul ler  Parameter Development 

"Optimal" Pul ler  Biter  Force - 70 pounds 

Minimum "Expected" Pin Pu l l  - 200 pounds 

Maximum 'Expected" Pin Pul l  - 350 pounds 

Biter Tooth Hardness - 60 Rc. 

Biter  Tooth Relief Angle - lo0 
Bi ter  Tooth Rake Angle - 30' 

Fuel Pin Collector Slope t o  Trough - 8O 

. Fuel Pin Can Loading Development (Pool Storage) 

Pin Collector Trough Cross Section - w 
Square Can Loading Force - 1300 pounds 

Fuel Pin Can Loading Development (Truck Cask) 

Pin Collector Trough Cross Section - 120' u 
Round Can Loading Force - 1400 pounds 



Individual pin pull ing forces were demonstrated t o  range between 20 
and 200 pounds. A "b i t e r "  wi th  t h i s  t oo th  c o n f i g u r a t i o n ,  which 
gr ips  the pin with a b i t e  of 70 pounds w i l l  prevent s l ippage up t o  
a pull ing force of 200 pounds but w i l l  not develop p u l l i n g  fo rce s  
i n  excess of 350 pounds before sl ipping f ree .  

(4) It was found that  a col lector  slope of 8' tended to  leve l  t he  pro- 
f i l e  of the f ree  pins i n  the  c o l l e c t i o n  t roughs.  U t i l i z i n g  t h i s  
slope, it was found that  selected trough cross sections of 45' f o r  
square cans and 120' for round cans preshape loose pin bundles ,  so 
t ha t  pin loading forces do not exceed acceptable levels  ( l e s s  than 
1500 pounds) and mechanical jams are minimized. 

(5) Using both v e r t i c a l  and horizontal  handling of t he  f u e l  assembly, 
t rans fe r  of an in tac t  fue l  assembly through the headend spaces  was 
demonstrated. 

( 6 )  The system layout and design development has shown t h a t  adequate 
space and remote viewing does e x i s t  i n  t h e  remote c e l l  f o r  t he  
i n s t a l l a t i on  of a fue l  disassemblylpin canning process  f o r  e i t h e r  
option. 

1.4 Summary of Conclusions 

Doubling poo 1 storage and t r i p l i n g  truck cask shipping capabil i ty appear 
f ea s ib l e  based on development work performed a t  t he  BNFP. This  is 
accomplished by disassembly of the fue l  assembly and canning of the fue l  
pins.  The dry, remote disassembly and canning process  i n  t h e  headend 
c e l l s ,  as compared to "in-pool" disassembly, o f f e r s  the  advantages of 
increased r a t e s ,  elimination of disassembly contamination of pool water, 
enhanced v i s i b i l i t y ,  reduction of operator dose and f a t i g u e ,  increased  
f l e x i b i l i t y ,  and u n l i n k i n g  o f  f u e l  receipt/storage/disassembly 
operat ions. 

1.5 Summary of Recommendations 

The program should be continued based on the advantages t o  e i t h e r  AFR's 
or long-term reposi tor ies  and the demonstrated f ea s ib i l i t y  as i n d i c a t e d  
by th i s  report .  

The logical  program steps would be, i n  order: 

Continue component designldevelopment 

. Fabricate prototype systems for cold demonstration 

Evaluate resu l t s ,  modify as required and redemonstrate 

Demonstrate under "hot" conditions modifying as required 

Pa ra l l e l  above steps with associated software package ( i . e . ,  proce- 
dures and licensing considerat ions).  



2.0 CUTTING TECHNOLOGY DEVELOPMENT 

2.1 Purpose 

The purpose of t h i s  s e c t i o n  is t o  d e s c r i b e  t h e  i n v e s t i g a t i o n  and 
f e a s i b i l i t y  s t u d i e s  performed on two s e l e c t e d  methods f o r  c u t t i n g  
through a fixed ar tay of thin-wall  s ta in less  s t e e l  tubes. The a r r a y  of 
twenty thin-wall tubes simulates the basic configuration of t h e  top  end 
section inmediately adjacent to  the bottom of the top end f i t t i n g  of a 
PWR-type fuel  assembly. The cut t ing of t h e  tubes  removes the  top  end 
f i t t i n g  as a f i r s t  s tep i n  removal of the  f u e l  assembly f u e l  p ins  t o  
permit volume reduction during encapsulation. 

The c r i t e r i a  i n  studying commercial c u t t i n g  methods as a s t e p  i n  PWR 
spent fuel  disassembly required product ion-or ien ta ted  capac i ty ,  dry,  
h o r i z o n t a l  p rocess ing  i n  a hot c e l l  and c o m p a t i b i l i t y  w i t h  o t h e r  
disassembly and encapsulation equipment concepts .  Objec t ives  of t h e  
i n i t i a l  f ea s ib i l i t y  study were to: 

Minimize f ix tu re / too l  fo rce  on, and v i b r a t i o n  t o ,  t he  spent  f u e l  
assembly during positioning and cutt ing operations 

Minimize complexity and cost of in-cell equipment 

Minimize swarf in-cell and heat loads i n  the fuel  assembly 

Minimize remote operating and maintenance changes and costs 

- Minimize c r i t i c a l  alignment requirements and waver of t o o l  and i t s  
r e su l t i ng  cut envelope to  assure no cut t ing of the fue l  rod cladding 

Minimize equipment and t e s t  sample requirements for cutt ing parameter 
ver i f ica t ion  in-cell  

Verify adaptabil i ty to a continuous production system. 

The program was concerned with the: 

Mechanical process re la ted to  f r i c t i on  sawing 

Thermal process related to  laser cutting. 

Other c u t t i n g  processes  and methods for  t h i s  app l i ca t ion  were no t  
included because of prior investigation by o t h e r s ,  i m p r a c t i c a l i t y  , or  
cost for hot in-cell application. 



2.2 Scope 

2.2.1 Friction Sawing 

Fric t ion sawing was considered a s  a mechanical metal  c u t t i n g  process 
since i t  was designed s p e c i f i c a l l y  f o r  commercial c u t t i n g  of thin-  
walllthin-gauge s t a in l e s s  s t e e l  on a continuous production basis. 

Unlike conventional sawing, f r i c t i on  sawing u t i l i z e s  heat to  s o f t e n  the  
metal i n  the cut path so that  it can be eas i ly  removed. Friction sawing 
requires a tool with great  length i n  respect to  work thickness;  there-  
fore ,  a band saw machine is usually used for th i s  purpose. The saw band 
t rave ls  a t  a very high velocity, usually about 3000 t o  15,000 f e e t  per 
minute,  geared through a motor tu rn ing  about 1800 r e v o l u t i o n s  per  
minute. Slight pressure of the  metal workpiece a g a i n s t  the saw band 
edge generates heat immediately i n  f ront  of it. The heat  is generated 
f a s t e r  than the cut zone can diss ipate  it without substant ia l  i nc reases  
i n  i t s  temperature. Near the red heat range, the  t e n s i l e  s t r e n g t h  of 
the  metal drops rapidly. A t  a point s l i gh t ly  above red heat, but below 
the melting point, the metal is swept away by the saw band teeth  action. 
This exposes new material to the same heating action and the process is 
continued un t i l  the workpiece is severed. 

The saw band, i n  c o n t r a s t ,  is not a f f e c t e d  or  sof tened ,  s i n c e  t h e  
duration that  any given a rea  of the  saw band i s  i n  contac t  with the 
metal workpiece is small i n  comparison to  the time i t  is away from the 
work and is cooling. 

Fr ic t ion sawing is dependent upon the  high u n i t  p ressures  generated 
between the t i p s  of the saw band teeth  and the work to  remove t h e  metal  
weakened by heating. Therefore, thin metals that  inhibi t  heat d i s s ipa -  
t ion  from the point of application such as the hollow, thin-wall, stain- 
less-s teel ,  guide tubes i n  PWR fuel  assemblies a r e  i d e a l  f o r  f r i c t i o n  
sawing. 

A typical  commercially-available f r i c t i o n  sawing machine is one con- 
taining two large ver t ica l ly  mounted wheels, usually 36 inches diameter, 
capable of rotating a t  very high speeds which drive the endless saw band 
on t h e i r  periphery.  The machine b a s i c a l l y  resembles  any t y p i c a l  
ve r t i ca l  machine shop band saw as shown i n  Figure 2-1. 

For the disassembly a p p l i c a t i o n  i n - c e l l ,  the f r i c t i o n  saw could be 
redesigned to  contain less  mass and be remotely controlled and operated. 
Saw band changes and the in -ce l l  maintenance could be redesigned f o r  
remote implementation. The drive motor and machine c o n t r o l s  could be 
l o c a t e d  ou t s ide  of the  hot r a d i a t i o n  a rea  s i m p l i f y i n g  t h e  remote 
maintenance. 

The f e a s i b i l i t y  of f r i c t i o n  sawing fo r  t h i s  a p p l i c a t i o n ,  a l t h o u g h  
promising, w i l l  r e q u i r e  f u r t h e r  s tudy  beyond t h e  r e s u l t s  of t h e  



TYPICAL MACHINE SHOP BAND SAW 

FIGURE 2-1 



short - range program r e c e n t l y  completed. The s h o r t - r a n g e  program 
concerned i t s e l f  with determining the: 

Amount and s i z e  of t he  swarf and dust  expe l led  d u r i n g  c u t t i n g  
together with a d e f i n i t i o n  of equipment needs for  t h e  removal of 
swarf from the workpiece and the saw. 

Length of time required t o  cut t he  a r r a y  of thin-wal l  tubes ,  t he  
range of cut  c h a r a c t e r i s t i c s  and t h e  r e l a t i o n s h i p  between c u t  
character is t ics  a t  d i f ferent  points i n  the array 

Assurance that the cutt ing operation would not breach the f u e l  p in  
cladding. 

A longer-range program should consider such factors as noted below: 

Saw band l i f e  which i s  a func t ion  of f a t i g u e ,  which i n  t u r n  i s  a 
function of the saw speed and the length of the saw band 

Feas ib i l i ty  of remote operation, control  and saw band replacement 

Redesign of a commercial f r i c t i on  saw for appl icat ion i n  t h e  rad ia -  
t i on  environment of a hot-cell. 

2.2.2 Laser Cutting 

The word "laser" i s  an acronym of t he  words, "Light Ampl i f ica t ion  by 
Stimulated Emission of Radiation". A laser  is a highly coherent beam of 
l igh t  capable of being focused to  a diameter less than t h a t  of a human 
h a i r  generating extremely high power d e n s i t i e s  a t  t he  po in t  of focus.  
Metal cut t ing lasers are normally continuous beam, C02 l a s e r s .  A t  the  
impingement point of the beam on the workpiece, a void or hole i s  melted 
from which the melted metal  i s  immediately blown by a j e t  of a i r  or 
i n e r t  gas.  I f  the  meta l  were not  blown away, it would q u i c k l y  
resol idify  a f te r  beam removal. Since the heat input to the workpiece i s  
extremely localized i n  comparison to other thermal cut t ing methods, t he  
s i z e  of the heat-affected zone and thermal damage t o  adjacent  su r f aces  
or components are minimized. 

Focusing t h e  beam onto the  workpiece i s  accomplished by an o p t i c a l  
system which can also shape the beam cross section. A re la t ive ly  simple 
change i n  o p t i c s  can provide t h e  f i n e l y  focused beam f o r  d r i l l i n g ,  
cut t ing,  or welding, or a broad area beam for surface heat treatment or 
metallizing. An important aspect of the laser beam i s  the f a c t  t h a t  it 
i s  directed to  the workpiece solely via  an opt ical  system. Therefore ,  
the laser beam as a tool has no wear. 

A typical  indus t r ia l  laser generally has s i x  subsystems in tegra ted  i n t o  
a t o t a l  system. The subsystems c o n s i s t  of o p t i c s ,  t h e i r  s u p p o r t  
s t r u c t u r e ,  i n e r t  gas flow, power supply,  water or gas coo l ing  and 
operating control systems. For t he  proposed a p p l i c a t i o n  of c u t t i n g  



thin-wall thimble tubes of a spent  PWR-type f u e l  assembly, only the 
optics,  the i r  support s t ructure ,  and a j e t  nozzle f o r  d i r e c t i n g  i n e r t  
gas flow to the cutt ing area would be located i n  the hot cel l .  

2.3 Results 

2.3.1 Fr ic t ion Sawing Short-Range Test Program 

During the program, various c u t t i n g  arrangements were u t i l i z e d  and a 
range of operating parameters were i n v e s t i g a t e d  t o  e s t a b l i s h  c u t t i n g  
feed ra te ,  saw band speed and pitch, and spacing l imita t ions  between the 
v e r t i c a l  plates of the tube holding f ix ture  as  shown i n  Figure 2-2. 

I n  the f r i c t i on  sawing study, the lack of burrs on one s ide of t he  tube 
face to  that  of the opposite side of the tube face  should be i n v e s t i -  
gated fur ther  so that  any poss ib le  bur r  i n t e r f e r e n c e  t o  t he  f u e l  pin 
pull ing equipment can be avoided. 

Proof of principle was demonstrated for f r i c t i on  sawing i n  t h i s  appl i -  
cat ion as  shown i n  Figure 2-3. However, the trend toward m r e  desirable 
cut t ing cha rac t e r i s t i c s  ( i - e . ,  coa r se r  swarf, reduced d i spe r s ion  of 
swarf, and reduced burr buildup) a t  lower speeds warrants f u r t h e r  s tudy 
a t  speeds below the f r i c t i o n  sawing range. This would allow considera- 
t i on  of saws whose space envelopes could be more compatible with  the 
other dissassembly equipment. 

Further de ta i l s  of the t e s t  program are  described i n  Appendix A. 

2.3.2 Laser Cutting Feas ib i l i ty  Tests 

An i n i t i a l  f ea s ib i l i t y  study was performed by Avco-Everett Metalworking 
Lasers Development Laboratory to  determine the a b i l i t y  of a 15-kilowatt, 
continuous wave (CW), '32 l a se r  to cut an array of stainless-steel  tubes 
he ld  i n  a geometric arrangement s imula t ing  the  thimble tubes of a 
PWR-fuel assembly. 

Pr ior  to  th i s  t e s t ,  most development and commercial e f for t s  toward laser  
c u t t i n g  had been d i r e c t e d  toward shape c u t t i n g  or  excess  m a t e r i a l  
removal operations i n  simple geometries where t he  workpiece i s  nea r ly  
f l a t  and can be eas i ly  positioned within the foca l  plane of the  l a s e r  
beam. 

During th i s  program, various cutt ing arrangements were u t i l i z e d  and a 
range of operating parameters were i nves t iga t ed  t o  e s t a b l i s h  c u t t i n g  
r a t e ,  l a se r  power requirements, gas jet nozzle positioning, and spacing 
l imi ta t ions  for  the ver t ica l  tube support/positioning plates of the tube 
holding f ix tu re  shown i n  Figure 2-2. 

I n  the l a s e r  c u t t i n g  s tudy,  the  prefer red  pos i t i on  f o r  t he  gas j e t  
nozzle appeared to be as c lose  as  poss ib le  t o  t he  tube sur face .  The 
s i z e  of the gas nozzle used i n  the t e s t s  prevented i t s  being placed i n  
i t s  preferred position. Also, the gas nozzle was observed to  overheat 
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dur ing  t h e  1 .4  minutes requi red  f o r  a  s i n g l e  pass  across  t he  tube a r r ay .  
Th i s  i n d i c a t e s  t ha t  t h e  e x i s t i n g  ,nozz le  must be redesigned with improved 
coo l ing  for  the  requi red  duty cyc l e .  Thermal  e x p a n s i o n  caused  by t h e  
overhea t ing  r e s t r i c t s  t he  gas  f l o w  p a t h  and shadows a  p o r t i o n  of t h e  
l a s e r  beam. 

I n  s p i t e  of t he se  l i m i t a t i o n s ;  proof of p r i n c i p l e  was d e m o n s t r a t e d  f o r  
1as.e.r c u t t i n g  i n  t h i s  a p p l i c a t i o n .  However, f u r t h e r  r e f i n e m e n t s  i n  
o b s e r v e d  c u t  q u a l i t y  would be r e q u i r e d  p r i o r  t o  i n c l u s i o n  o f  t h i s  
c u t t i n g  method i n  a  disassembly opera t ion .  

Fu r the r  d e t a i l s  of t he  t e s t  program a re  descr ibed  i n  Appendix B .  

2 .4  ~ o n c l u s i o n s  and Recommendations 

The i n v e s t i g a t i o n  of f r i c t i o n  sawing and l a s e r  c u t t i n g  has d e m o n s t r a t e d  
two e f f e c t i v e  methods for  c u t t i n g  s t a i n l e s s - s t e e l  t u b e s  a r r a n g e d  i n  a  
geometry s i m u l a t i n g  t h e  t h i m b l e  t u b e s  of a  PWR-type f u e l  a s sembly .  
Tubing segments which have been  c u t  u s i n g  t h e  f r i c t i o n  saw g e n e r a l l y  
e x h i b i t  even cu t s  with minimum e x t e r n a l  b u r r  b u i l d u p  w h i l e  t h o s e  c u t  
wi th  t h e  high-power l a s e r  g e n e r a l l y  e x h i b i t  even k e r f ,  w i t h o u t  t h e  
tendency for  t he  tubing ends t o  c l o s e  o f f .  

! i 
Addi t i ona l  c u t t i n g  t e s t s  a r e  recommended. P r o m i s i n g  r e s u l t s  i n t o  t h e  
pre l iminary  i n v e s t i g a t i o n s  i n t o  f r i c t i o n  sawing and l a s e r  beam c u t t i n g  
of t h in -wa l l ed ,  ' s t a i n l e s s - s t e e l  tubes have been a c h i e v e d .  I n  t h e  c a s e  
of l a s e r  c u t t i n g ,  t h i s  was a c h i e v e d  u s i n g  o p t i c s  and g a s - j e t  n o z z l e  
hardware designed for  c u t t i n g  s o l i d  c r o s s  s e c t i o n s ,  n o t  t u b e  a r r a y s .  
For both methods, a d d i t i o n a l  e f f o r t  is  requi red  t o  opt imize t h e  c u t t i n g  
techniques i n  order  t o  improve t h e i r  e f f e c t i v e n e s s ,  p a r t i c u l a r l y  i n  t h e  
ca se  of l a s e r  c u t t i n g .  Development of a  gas nozzle  designed f o r  u s e  i n  
c u t t i n g  t he  f u e l  assembly t h i m b l e  t u b e  c o n f i g u r a t i o n  i s  recommended. 
Improved cool ing  and d i r e c t i o n a l  c o n t r o l  of the  gas flow would be design 
o b j e c t i v e s .  The e f f e c t i v e n e s s  of  i n e r t  g a s e s  o t h e r  t h a n  h e l i u m  o r  
mixtures  thereof  should a l s o  be s tud i ed  t o  d e t e r m i n e  whe the r  e q u a l  o r  
improved c u t t i n g  q u a l i t y  and r a t e s  can be r e a l i z e d . .  Replacement  of  . 
helium could lower gas c o s t .  

A,s an a l t e r n a t i v e  t o  moving the  workpiece i n  a  l i n e a r  mot ion  i n t o  t h e  
l a s e r  beam, r o t a t i o n  of the workpiece beneath t he  beam impingement point  
should be s tud i ed .  

Swarf l e v e l s  generated during f r i c t i o n  sawing and smoke and fume l e v e l s  
-during the l a s e r  c u t t i n g  process a l s o  r equ i r e  eva lua t ion .  



3.0 PULLER-TO-FUEL-PIN ENGAGEMENT (BITER) DEVELOPMENT 

The p ins  from the Westinghouse 17 x 17 dummy were used i n  t h e  f u e l  . p i n  
p u l l e r  parameter development. These zircaloy-clad pins  have t h e  sma l l -  
est d i a m e t e r  and a r e  t e r m i n a t e d  by smooth end p lug  s u r f a c e s  a t  one 
te rmina t ion .  The small  diameter  and absence of i n d e n t a t i o n s  o r  r i d g e s  6 

o f f e r e d  the  g r e a t e s t  cha l lenge  t o  development of t he  b i t e r  t o o t h .  T h i s  
r equ i r ed  the  b i t e r  too th  t o  c r e a t e  i t s  own inden ta t i on  i n  t he  small  a r e a  
o f  t h e  s o l i d  c r o s s - s e c t i o n a l  end p lug .  The i n d e n t a t i o n  had t o  be  
s u f f i c i e n t  t o  res is t  ' t h e  s h e a r  f o r c e s  t h a t  d e v e l o p  d u r i n g  t h e  a x i a l  
p u l l s  of up t o  200 pounds requi red  t o  remove "worst case" p in s  from t h e  
space r  g r id s .  

So a s  not t o  o v e r s t r e s s  p ins ,  i t  was a l s o  d e s i r e d  t h a t  t h e  b i t e r  p u l l  
f r e e  a t ,  o r  before ,  an upper l i m i t  of 350 pounds.  T h i s  i s  l e s s  t h a n  
one- t h i r d  of the  cladding y i e l d  s t r e n g t h  and, t he re fo re ,  would p r e v e n t  
o v e r s t r e s s  of the  cladding. This  is  a  backup t o  overload s e n s i n g  which 
would be designed i n t o  a  b i t e r  assembly and r e l e a s e  t h e  b i t e r  f o r c e  a t  
overload ind i ca t i ons .  

The s p a t i a l  envelope t h a t  a  b i t e r  mechanism must conform t o  and o p e r a t e  
w i t h i n  impacts i t s  design. The c ros s  s e c t i o n s  of i ts s t r u c t u r a l  members 
a r e  f r a c t i o n s  of t h i s  envelope. Consequently, t he  smaller  the  envelope, 
t h e  smal le r  the c ros s  s e c t i o n s  and the  smaller  a r e  t h e  f o r c e s  t h a t  can 
be developed to  b i t e  the  f u e l  pin. 

Design c r i t e r i a  o f :  

(1) A processing r a t e  of 12 t o  15 assemblies  a  day, 

( 2 )  A pin pu l l i ng  r a t e  of 1 inch  per second, and 

(3 )  A pin p u l l i n g  r a t e  of 12  t o  15 a s s e m b l i e s  per  8 h o u r s  r e q u i r e d  
p u l l i n g  one f u e l  pin row during a  given pul l .  

The b i t e r  envelope is, the re fo re ,  t h a t  a r ea  whose width is e q u a l  t o  t h e  
f u e l  p in  . p i t c h  and whose he ight  is the dis tance '  between the p i n s  i n  t h e  ' 

row above and the  pins i n  the  row below the row being pulled. 

This  a r e a  is  sma l l e s t  among PWR's i n  t he  Westinghouse 17 x 17 a s s e m b l y  
j u s t i f y i n g  developmexlt with it. 

Conf igura t ion  parameters of r e l i e f  angle ,  rake angle ,  and width of b i t e r  
t o o t h  were var ied  t o  reduce b i t i n g  fo rce  required.  

It was, t h e r e f o r e ,  necessary t o  d e s i g n  a  b i t e r  t h a t  c o u l d  i n d e n t  t h e  
smooth cladding so a s  to:  

Hold a  minimum p u l l  ( i . e . ,  200 pounds) 



Release before  an upper l i m i t  ( i .e . ,  350 pounds) 
Minimize b i t i n g  f o r c e  requi red  (i .e. ,  50 t o  100 pounds) 
Dimensionally not exceed the  def ined envelope. 

3.2 Resu l t s  

A schematic of the  b i t e r  t e s t i n g  s e tup  is shown i n  Figure 3-1. 

Using t h i s  se tup ,  t h r e e  d e s i g n s  of t h e  b i t e r  t o o t h  p a i r s  were used.  
Each design was f a b r i c a t e d  i n  t h r ee  hardnesses  ( i .e . ,  Rc 20, 40, 60)  f o r  
a t o t a l  of nine t e s t i n g  pa i r s .  

F igure  3-2 shows the  r e s u l t s  of t h i s  t e s t i ng .  Note t h a t  Design "C" a t  a 
hardness  of 60 Rc gave the  b e s t  pe r fo rmance  ( i . e . ,  f o r c e  e x c e e d s  200 
pounds a t  the  lowest b i t e r  force) .  

Us ing  t h i s  b i t e r  p a i r ,  r e p e t i t i v e  t e s t i n g  was t h e n  p e r f o r m e d  t o  
determine s t a t i s t i c a l l y  what b i t e r  f o r c e  would e n s u r e  r e s u l t s  i n  t h e  
" p u l l - t o - 2 0 0  p o u n d s - r e l e a s e - a t - 3 5 0  p o u n d s "  r a n g e  d i s c u s s e d  i n  
Sec t ion  3.1. 

* 
Design 

A 
B 
C 

These r e s u l t s  a r e  shown i n  F i g u r e  3-3. Note t h a t  70 pounds of b i t e r  
f o r c e  e s t ab l i shed  a t o l e r ance  l i m i t  i n  which 99% o f  a l l  p u l l i n g  f o r c e s  ' 

w i l l  f a l l  e s s e n t i a l l y  i n  the  200- t o  350-pound range  w i t h  a c o n f i d e n c e  
of 99%. 

Rake X 
(Degrees) 

15" 
'15" 
30" 

Rel ie f  X 
(Degrees) 

5 O 

5" 
10" 

Note, a l s o ,  t h a t  the  mean a t  t h i s  b i t e r  fo rce  was 272 pounds which times 
17 p ins  per row is  l e s s  than 5000 pounds.  T h i s  e s t a b l i s h e s  a d e s i g n  
c r i t e r i a  f o r  the bed t h a t  p u l l s  t h e  row of p i n s  from t h e  a s sembly  a t  
5000 pounds a x i a l  load. 

Tooth Width 
( F r a c t i o n  of P in  Diameter) 

113 
213 
113 

3.3 Conclusions and Recommendations 

It was found t h a t  b i t e r  t o o t h  p a i r s  a s  shown i n  F i g u r e  3-1 w i t h  t h e  
fol lowing c h a r a c t e r i s t i c s  worked w i t h i n  t h d s  200- t o  350-pound r a n g e  
when operated a t  a b i t i n g  fo rce  of 70 pounds a s  an opposed p a i r :  

Hardness - 60 Rc 
Rel ie f  angle  - 10" 
Rake angle  - 30" 
Contoured to  the  pin r ad ius  
Width one-third of t he  pin diameter.  
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BITER PARAMETRIC TESTING SCHMATIC 

FIGURE 3-1 
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DEVELOPED FUEL P I N G P U L L I N G  FORCE VERSUS B I T E R  FORCE 
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It was a l s o  no ted  t h a t ,  i n  c o n s i d e r a t i o n  of t h e  v a r i o u s  PWR c r o s s -  
s e c t i o n a l  designs ( i .e . ,  a r r a y  s i z e ,  p in  d i a m e t e r s ,  e t c . ) ,  i n d i v i d u a l  

' p u l l e r  heads t h a t  gang a  number of b i t e r s  e q u a l  t o  t h e  p i n s  pe r  row 
w o u l d  be r e q u i r e d  i n  p r a c t i c e .  T h e s e  p u l l e r  h e a , d s  w o u l d  b e  

" in te rchangeable  depending on the  type f u e l  assembly t o  be p roces sed  b u t  ' 

could a l l  be operated with a  s i n g l e  pu l l i ng  bed. , I n  any c a s e ,  t h e  bed 
would need to  develop a  pu l l i ng  fo rce  of 5000 pounds. 



4.0 FUEL PIN VENTING AND SEALING 

4.1 Purpose 

Disassembly of f u e l  i n t o  i n d i v i d u a l  p in s  opens s e v e r a l  new and un ique  
f u e l  handl ing p o s s i b i l i t i e s .  For example, ' i n s p e c t i o n  and c l e a n i n g  is  
f a c i l i t a t e d  by ready a c c e s s i b i l i t y  t o  a l l  e x t e r i o r  su r f aces  of t h e  f u e l  
pins .  Another p o s s i b i l i t y ,  and one which has been e x p l o r e d  a t  AGNS is  
t h e  removal of t he  f i s s i o n  gases  from t h e  gas  plenum c o n t a i n e d  a t  t h e  
end of each pin. 

Most nuc lear  f u e l  is prepressur ized  with helium f i l l  gas during f ab r i ca -  
t ion .  F i s s i o n  gases  generated during burnup i n  t he  r e a c t o r  core  combine 
w i th  the  f i l l  gases. The cladding which func t ions  a s  a  s m a l l  p r e s s u r e  
v e s s e l ,  is s t r e s s e d  a t  t he  end of f u e l '  l i f e  by t h e  g a s  p r e s s u r e .  The 
m a t e r i a l  stress may be i n  t h e  r a n g e  of 5 t o  10 ,000  p s i  w i t h  t y p i c a l  
i n t e r n a l  p r e s s u r e s  of a round  800  t o  1100 p s i .  Due t o  t h e  l i k e l y  
degraded cond i t i on  of the  cladding,  t he re  is a  p o s s i b i l i t y  of p e r i o d i c  
f a i l u r e  of the  i n d i v i d u a l  pins  during long term s t o r a g e .  One p o s s i b l e  
a l t e r n a t i v e  is  t o  d e l i b e r a t e l y  remove t h e  f i s s i o n  gas by punctur ing each 
i n d i v i d u a l  pin,  thereby t o t a l l y  d e p r e s s u r i z i n g  t h e  f u e l  plenum. The 
f i s s i o n  gas can be uniformly c o l l e c t e d  and t r e a t e d  a t  one p l a c e .  I f  a 
means cari be found f o r  r e s e a l i n g  t h e  f u e l  rod, con ta inmen t  and ,  hence ,  
c o n s i d e r a b l y  s a f e r  s t o r a g e  of t h e  a c t u a l  f u e l  p e l l e t s  w i t h i n  t h e  
c ladding  i s  assured f o r  an  extended s to rage  period. 

A technique t o  accomplish both punctur ing,  gas  v e n t i n g ,  and s e a l i n g  is  
being developed a t  AGNS. The two p r i n c i p a l  dev ices  employed a r e  a  low 
power pulsed l a s e r  and a  s ea l ed  t r anspa ren t  chamber. The chamber can be 
e i t h e r  evacuated ( t o  vent gases )  o r  s l i g h t l y  p r e s s u r i z e d  ( a  c o v e r  g a s  
f o r  welding is  des i r ab l e ) .  The process  can be d i r e c t l y  i n t e g r a t e d  w i t h  
f u e l  disassembly. Oniy a  modes t i n c r e m e n t a l  i n c r e a s e  i n  o p e r a t i o n a l  
t ime occurs  ( l e s s  than one hour t o  p roces s  a l l  p i n s ) .  The use  of one 
device ,  t h e  l a s e r ,  t o  both puncture (or  d r i l l )  t h e  tube and t h e n  reweld  
i t ,  i s  accomplished by simply varying t h e  l a s e r  beam s t r e n g t h  and t h e  
o p t i c a l  parameters. Rewelding ( r e s e a l i n g )  does not r equ i r e  the  a d d i t i o n  
of a  f i l l e r  metal. The o p t i c a l  l a s e r  r equ i r e s  t h a t  only a  b a r e  minimum 
of machinery be l oca t ed  i n  the  contaminated hot c e l l  ( d i r e c t i o n a l  mir ror  
and focus ing  lens) .  The process can be r e a d i l y  automated. 

4.2 Resu l t s  

A s e r i e s  of prototype t e s t s  .was conducted i n  t he  l a b o r a t o r i e s  of a  l a s e r  
de s igne r  and vendor (Laser I n c o r p o r a t e d ,  S t u r b r i d g e ,  M a s s a c h u s e t t s ) .  
Both d r i l l i n g  and rewelding opera t ions  were succes s fu l ly  performed on a  
r e p e a t a b l e  basis .  The tests were performed on both s t a i n l e s s  s t e e l  and 
z i r c a l o y  tubing. Tubing dimensions were comparable t o  t h a t  of LWR fue l '  
c ladding.  The i n i t i a l  t e s t s  c o n s i s t e d  of r e f i n i n g  t h e  p a r a m e t e r s  of 
l a s e r  power, puls ing r a t e ,  hole s i z e ,  and beam o p t i c s .  L a t e r  s t u d i e s  
focused on a s su r ing  r e p e a t a b i l i t y  and cons is tency  with a  l a r g e  number of 
samples. 



The f  01 lowing r e s u l t s  were observed : 

(1) Optimal ho l e  diameter appeared t o  be a p p r o x i m a t e l y  0 .010  i n c h  i n  
tub ing  wi th  a  0.026 inch wa l l  t h i cknes s .  

( 2 )  Rewelding of t he  tube r e s u l t e d  i n  a  new wal l  th ickness  of  a t  l e a s t  
0 . 0 1 8  t o  0 .020  i n c h e s  which is  abou t  75% o f  t h e  o r i g i n a l  w a l l  
t h i cknes s .  Use of a  cover gas prevented oxida t ion  of t h e  c l a d d i n g  
and r e s u l t e d  i n  a  supe r io r  s e a l  weld. 

( 3 )  The cyc le  i n t e r v a l  between each ind iv idua l  d r i l l  o r  r ewe ld  o p e r a -  
t i o n  was abou t  t h r e e  t o  f i v e  s e c o n d s .  Most of  t h i s  t i m e  was 
employed f o r  r e p o s i t i o n i n g  t h e  f u e l .  The r e c y c l e  t i m e  of t h e  
pulsed l a s e r  is  one second. 

( 4 ) .  R e p e a t a b i l i t y  between succ'essive opera t ion  was e x c e l l e n t .  Assur -  
ance of puncture or rewelding appeared t o  be 99+%. The success  was 
due t o  both t he  cons i s t en t  opera t ion  of the  l a s e r  and t h e  u s e  o f  a  
m i l l i n g  machine t a b l e  w i t h  a  n u m e r i c a l l y  c o n t r o l l e d  programmer. 
'The l a t t e r  assured the  accu ra t e  placement of t he  f u e l .  

(5) The hea t -e f fec ted  zone of the rewelded a r ea  i s  l i m i t e d  due t o  t h e  
i n t e n s e  f o c u s e d  h e a t  of t h e  l a s e r  beam and  t h e  s h o r t  p u l s e  
d u r a t i o n .  

4 . 3  Conclusions 

The work t o  d a t e  h a s  focused  on v e r i f y i n g  t h e  f e a s i b i l i t y  o f  t h e  
process .  An a d d i t i o n a l  t e s t  r e q u i r e d  i s  t h e  d r i l l i n g  of  p r e s s u r i z e d  
tubes .  This  w i l l  v e r i f y  i f  t e a r i n g  a c t i o n  o c c u r s  t o  t h e  m e t a l  d u r i n g  
d r i l l i n g .  It  is suspected t h a t  t he  sho r t  time constant  and t h e  i n t e n s e  
l o c a l i z e d  hea t  of the l a s e r  precludes t h i s .  A d d i t i o n a l  t e s t s  w i l l  be 
r equ i r ed  t o  develop opt imal  ho l e  s i z e  under  p r e s s u r i z e d  c o n d i t i o n s  t o  
a s su re  both adequate vent ing  of gas and a  ho l e  s u i t a b l e  f o r  r e w e l d i n g .  
Addi t iona l  t e s t i n g  and development w i l l  be r e q u i r e d  t o  i n t e g r a t e  t h e  
process  w i t h  t h e  d i s a s s e m b l y  o p e r a t i o n .  Techn iques  f o r  a d e q u a t e l y  
d i r e c t i n g  t h e  f l ow  of  f i s s i o n  gas  t o  t h e  p l a n t  o f f - g a s  s y s t e m  f o r  
f u r t h e r  processing w i l l  ' r equ i r e  development. 

I n  summary, prel iminary t e s t  work has shown t h a t  t h e  p r o c e s s  w i l l  work 
i n  an i d e a l  l a b o r a t o r y  s e t t i n g .  F u t u r e  deve lopmen t  i s  n e e d e d  t o  
implement t he  process as a  f u e l  handl ing a l t e r n a t i v e .  I f  f u e l  i s  t o  be 
h a n d l e d  w i t h o u t  r e p r o c e s s i n g  f o r  e i t h e r  long  t e r m  s t o r a g e  o r  f o r  
o u t r i g h t  "throwaway," a  means of a s su r ing  confidence i n  t he  s t a b i l i t y  of 
t h e  r ad ioac t ive  m a t e r i a l  is  mandatory. The technique of l a s e r  d r i l l i n g  
and welding provides a  p r a c t i c a l  means of e l imina t ing  f i s s i o n  gases from 
t h e  f u e l  p in s  and s t a b i l i z i n g  the  cladding i n t e g r i t y .  



5.0 FUEL PIN REMOVAL DEVELOPMENT 

5.1 Purpose 

Af t e r  t he  end f i t t i n g  is removed, the  b i t e r  is engaged and the  f u e l  pins 
a r e  removed from the  f u e l  assembly to  accomplish disassembly. The f u e l  
p i n  is r e t a ined  i n  the  assembly ske l e ton  by the  spacer  g r i d  v i a  f r i c t i o n  
t o  a l low f o r  growth i n  t he  r eac to r .  It is  t h e s e  f r i c t i o n  f o r c e s  t h a t  
must be overcome t o  remove the  f u e l  pin a x i a l l y .  

Dismissing thermal o r  mechanical processes  t o  cu t  t he  spacer  g r i d s  from 
t h e  f u e l  pins  a s  complex, pushing o r  pu l l i ng  a x i a l l y  appeared t o  be t h e  
a l t e r n a t i v e s  a v a i l a b l e  f o r  p in  removal. Af t e r  a  q u a l i t a t i v e  r e v i e w  of 
t h e s e  processes ,  pu l l i ng  was s e l e c t e d  as t h e  d e s i r e d  method t o  imple-  
ment. (Pushing in t roduces  t h e  a d d i t i o n a l  s t e p  of bo t tom end f i t t i n g  
removal and the  t h r e a t  of f u e l  pin buckling. ) 

I n  concer t  with development of means t o  engage  t h e  p i n  a s  p r e v i o u s l y  
d i scussed  i n  Sec t ion  3.0, it was  necessary t o  de f ine  the range of fo rces  
r e q u i r e d  t o  p u l l  p i n s  from v a r i o u s  f u e l  a s sembly  t y p e s .  A l s o ,  t o  
suppor t  s t a t i s t i c a l  e x t r a p o l a t i o n s  from the  l i m i t e d  d a t a  t h a t  c o u l d  be 
genera ted  on a  p r a c t i c a l  number of pu l l i ng  t e s t s ,  an  i n v e s t i g a t i o n  was 
made t o  c o n f i r m  t h e  assumed normal  d i s t r i b u t i o n  of i n d i v i d u a l  p i n  
p u l l i n g  fo rces  from a  p ro to typ ica l  f u e l  assembly. 

5.2 Resu l t s  

To f i x  t he  range of p in  pu l l i ng  f o r c e s ,  the  t h r ee  a v a i l a b l e  PWR pro to -  
t y p i c a l  f u e l  a s s e m b l i e s  ( s e e  T a b l e  5-1) were  u t i l i z e d .  Note 2  o f  
Table 5-1 i n d i c a t e s  t h a t  a l l  pins were not pu l led  but t h a t  "wors t  c a s e "  
p in s  were t e s t e d .  P r e l i m i n a r y  t e s t i n g  had e s t a b l i s h e d  t h a t  h i g h e r  
p u l l i n g  fo rces  could be expected ad jacent  t o  or  between c o n t r o l  t h i m b l e  
tubes  i n  the  pin a r ray .  The range of 20 t o  200 pounds was e s t a b l i s h e d  
from the  da t a  shown i n  t h i s  t ab l e .  

I r r a d i a t i o n  e f f e c t s  w i l l  have an unquant i f ied in f luence  on these values .  
Previous work by o the r s  with i r r a d i a t e d  f u e l  showed an  upper  l i m i t  of 
approximately 130 pounds. For example, thermal cycl ing should r e s u l t  i n  
r e l a x a t i o n  of spacer  g r i d  sp r ing  r a t e  while "knuckling" and g rowth  w i l l  
i n c r e a s e  phys ica l  dimensions; t h e  f i r s t  p o t e n t i a l l y  lowers f o r c e s  w h i l e  
t h e  o t h e r s  o f f s e t  t h i s  l o w e r i n g  t o  some d e g r e e .  T h e r e f o r e ,  f o r  
con t inua t ion  of the  e f f o r t ,  200 pounds was e s t ab l i shed  a s  a  conserva t ive  
des ign  bas i s .  

However, it was f e l t  necessary t o  accommodate f u e l  p i n s  t h a t  deve loped  
p u l l i n g  fo rces  i n  excess of 200 pounds. This could r e s u l t  e i t h e r  from 
normally unant ic ipa ted  f r i c t i o n a l  fo rces  o r  mechan ica l  i n t e r f  e r e n c e s  . 
These i n t e r f e r e n c e s  c o u l d  d e v e l o p  from r a r e ,  though g r o s s ,  c l a d d i n g  
f a i l u r e s  i n t e r f e r i n g  w i t h  t h e  s p a c e r  g r i d s .  T h e r e f o r e ,  a  p u l l i n g  
overload sensing system and a  n o n s t a n d a r d  a l t e r n a t e  p r o c e s s i n g  r o u t e  
were included i n  the  system des ign  c r i t e r i a .  



TABLE 5-1 

FUEL PIN PULLING FORCE VARIATION AMONG VARIOUS DUMMY FUEL ASSEMBLY 

Ind iv idua l  Dummy Fuel  
P i n  P u l l i n g  Forces  ( lbs .  ) 

~ i ~ h e s t  (1) A Lowest . %(2)  of Tested P i n s  
Dummy Fue l  Type Highest Average Average Exceeding 100 lbs .  Average 

1. Gulf United Kuclear (GUN) 2004- (4) 181 
Wsstinghouse Reload 15 x 15 

2. Babcock & Wilcox (B&W) 15 x 15 105 9 5 

3. Westinghouse (WEST) 17 x 17 

NOTES : 

I ( I )  Three p u l l s  were made on each pin. General ly ,  f o r c e s  increased  with each of t h e  t h r e e  pul l s .  

( 2 )  Assuming the  higher  pu l l i ng  f o r c e s  t o  develop a t  those pins  ad jacent  t o  o r  be tween t h i m b l e  t u b e s ,  t h e  
s e l e c t e d  pins  were chosen t o  measure t h e  higher  expected pu l l i ng  forces .  The percentage of p i n s  t e s t e d  
were a s  fo l lows:  GUN-6%, BCW-7%, and WEST-13%. 

I ( 3 )  Th i s  i s  next-to-lowest. Lowest was considered erroneous data.  

I ( 4 )  S c a l e  l i m i t  was 200 pounds. 



The assumption of a normal d i s t r i b u t i o n  of t h e  p u l l i n g  f o r c e s  from a 
s i n g l e  assembly was confirmed as can be seen i n  Figure 5-1. The f i g u r e  
i s  a his togram of t he  pu l l i ng  f o r c e s  from the  Westinghouse 17 x 17 dummy 
f u e l  assembly .  Here a l l  p i n s  were p u l l e d  t h r e e  times each  and t h e  
f o r c e s  a v e r a g e d  f o r  t h e  t h r e e  p u l l s .  A n o r m a l  d i s t r i b u t i o n  i s  
superimposed t o  show t h e  c o r r e l a t i o n  u s i n g  dashed  l i n e s .  The n o t e  
i n d i c a t e s  one o b s e r v a t i o n  a t  127 pounds  was beyond t h e  r a n g e  of t h e  
f i g u r e .  This ,  once aga in ,  r e i n f o r c e s  t he  requirement f o r  a n o n s t a n d a r d  
a l t e r n a t e  processing route .  

. 5.3 Conclusions and Recommendations 

The p u l l i n g  fo rce  range of 20 t o  200 pounds appears c o n s e r v a t i v e ,  bu t  a 
n o n s t a n d a r d  a l t e r n a t e  p r o c e s s i n g  r o u t e  mus t  be  i n c l u d e d  i n  a 
disassembly/canning system. An assumption of a normal d i s t r i b u t i o n  f o r  
p u l l i n g  fo rces  f o r  a l l  the  f u e l  pins  of a given assembly was confirmed. 

An assembly from t h e  t h i r d  major  s u p p l i e r  of i n i t i a l  l o a d  PWR f u e l ,  
Combustion Engineering, was not a v a i l a b l e  during pu l l i ng  f o r c e  t e s t i n g  . 
E f f o r t s  a r e  underway to  o b t a i n  such a test assembly. 

An i n v e s t i g a t i o n  of i r r a d i a t i o n  e f f e c t s  a s  they impact pu l l ing  fo rces  i n  
p a r t i c u l a r  and d i s a s s e m b l y  and cann ing  i n  g e n e r a l  a r e  p lanned .  The 
i n t e n t  would be t o  s imula te  these  e f f e c t s  i n  pro to typic  f u e l  components, 
t o  perform a d d i t i o n a l  t e s t i n g  , and t o  r e f i n e  t h e  p r e v i o u s l y  c o l l e c t e d  
d a t a  accordingly.  





6.0  FUEL PIN CAN LOADING DEVELOPMENT 

The pins  from the  Westinghouse 17 x  17 and t h e  Babcock and Wilcox 15  x  
1 5  dummy f u e l  a s s e m b l i e s  were u s e f u l  i n  e s t a b l i s h i n g  a p p r o x i m a t e  
c o l l e c t o r  trough s lopes  and s tudying  p in  loading fo rces .  I nc reas ing  t h e  
number of pins  has  t h e  p o t e n t i a l  t o  i n c r e a s e  t h e  chances  f o r  random 
c ros s ing  dur ing  g r a v i t y  loading of t he  t rough.  The random c r o s s i n g s  i n  
t u r n  have the  p o t e n t i a l  t o  i n t e r f e r e  w i t h  l e v e l  l o a d i n g  of  t h e  t r o u g h  
and l e v e l  loading f a c i l i t a t e s  p in  bundle loading i n t o  t he  can.  I t  was,  
t h e r e f o r e ,  de s i r ed  t o  e s t a b l i s h  a  s l o p e  a n g l e  t h a t  r e s u l t e d  i n  l e v e l  
t rough loading r ega rd l e s s  of f u e l  type or trough c ros s  s e c t i o n  t h a t  was 
being loaded. 

When loading the  p in  bundles i n t o  a  can of a  given c ros s - sec t iona l  a r e a ,  
two parameters a f f e c t  t he  r e s u l t i n g  fo rces .  One i s  t h e  t o t a l  end v i ew  
a r e a  of t he  p ins  with pin-to-pin contac t  i n  a  square a r r ay ;  t h e  o ther  i s  
t h e  i nc rease  i n  t h i s  a r ea  under the  random s t a c k i n g  and c r o s s i n g s  t h a t  
develop when the  g r a v i t y  c o l l e c t i o n  s y s t e m  i s  used .  The f i r s t  i s  a 
func t ion  of t he  number of p i n s  and t h e i r  i n d i v i d u a l  d i a m e t e r s .  The 
Babcock and Wilcox 15 x  15 assembly  i s  a  "wors t  c a s e "  s q u a r e  a r r a y  
( i . e . ,  g r e a t e s t  t o t a l  a r e a )  f o r  t y p i c a l  PWR f u e l  even  w i t h  o n l y  208 
p i n s .  The Westinghouse 17 x  17 wi th  264 p ins  has a  lower s q u a r e  a r r a y  
a r e a  bu t  t e n d s ,  w i t h  more p i n s ,  t o  i n c r e a s e  c r o s s i n g s  d u r i n g  p i n  
c o l l e c t i o n .  Therefore ,  the  primary concern was t o  see what l i m i t s  could 
be placed on load ing  f o r c e s  f o r  s e l e c t e d  t r o u g h  c r o s s  s e c t i o n s  when 
loading t h e  p in  bundles from these  assemblies ,  each of which c o n s t i t u t e s  
a  "worst case" for  one of the  parameters .  

I f  one de f ines  "packing f r ac t i on"  as the  r a t i o  of the end-view a rea  of a  
can s e c t i o n  t o  the square a r r a y  a r ea  of the  pins  b e i n g  l o a d e d ,  one h a s  
an i n d i c a t i o n  of t he  f r e e  a r ea  a v a i l a b l e  t o  accommodate c r o s s i n g .  For  
both opt ions ( i . e . ,  the  s q u a r e ,  t w o - s e c t i o n ,  p o o l  can  and t h e  round ,  
t h r ee - sec t ion  t ruck  cask can ) ,  t he  "packing f r a c t i o n "  f o r  t h e  Babcock 
and Wilcox dummy p ins  was 1.03. 

I n  a c t u a l  p r a c t i c e ,  a d d i t i o n a l  f r e e  a r ea  can be c rea ted  by a  random num- 
ber  of p ins  c o l l e c t i n g  i n t o  a  t r i a n g u l a r  a r r a y  where t h i s  a r r ay  r equ i r e s  
on ly  8 6 . 7 %  o f  t h e  a r e a  of t h e  s q u a r e  a r r a y .  P o c k e t s  of  t r i a n g u l a r  
a r r a y s  can  be no t ed  i n  F i g u r e  1-6.  Even though o t h e r  t r o u g h  c r o s s  
s e c t i o n s  were known to lower loading f o r c e s ,  a  r e c t a n g u l a r  t r o u g h  was 
s e l e c t e d  a s  c o m p a t i b l e  w i t h  a  v a r i a b l e  a r e a  can  t o  i n v e s t i g a t e  t h e  
r e l a t i o n s h i p  between pack ing  f r a c t i o n  and  l o a d i n g  f o r c e s .  T h i s  
r e l a t i o n s h i p  should provide i n s i g h t  i n t o  e x p e c t e d  l o a d i n g  f o r c e s  f o r  
c a n s  w i t h  p a c k i n g  f r a c t i o n s  d i f f e r e n t  t h a n  t h o s e  u s e d  i n  t h i s  
development work. 



6.2 Results 

Figure 6-1 shows the apparatus used to e s t a b l i s h  t he  c o l l e c t o r  trough 
slope. Note that the sloping surface is pivoted via  a bol t  and ad jus t -  
able within the l i m i t s  of the s lo t ted  l i n k  a t  the  r i g h t .  It i s  shown 
with the 45' trough used to load square cans but was a l s o  used with  a 
120' trough to  load round cans. Within the visual observations made, it 
appears tha t  a col lector  trough slope of 8' i s  adequate e i t h e r  fo r  t he  
264 pins from the Westinghouse dummy or the  208 p in s  from the  Babcock 
and Wilcox dummy. 

Figure 6-2 shows the r e su l t s  a t  3.6' of col lector  slope. Note t h a t  the  
pins col lect  preferent ia l ly  on the r igh t  side of the trough. 

Figure 6-3 shows the r e su l t s  a t  8.25" where the  c ros s  s e c t i o n  is more 
l e v e l  than i n  the previous figure. 

It was found that the 45' and 120' trough cross s e c t i o n  con f igu ra t i ons  
tended to  increase pockets of t r i a n g u l a r  a r r ay .  This ,  i n  t u rn ,  gen- 
erated f r ee  area to accommodate the increased pin bundle area r e s u l t i n g  
from random pin  c ross ing .  This  decreased the  amount of p in  bundle 
reshaping requi red  dur ing can loading.  This ,  i n  t u rn ,  lowered p in  
l oad ing  fo rce s ,  Therefore ,  the  45' and 120' t rough  s e c t i o n s  were 
selected,  respectively, t o  load square and round cans. 

Figure 6-4 shows the square can a f t e r  loading from t h e  45 * t rough,  and 
Figure 6-5 shows the round can a f t e r  loading from the 120' trough. 

An upper l i m i t  of 1300 pounds covered a l l  observed load ing  f o r c e s  f o r  
the  square can and 1400 pounds fo r  the round can. This is with correc- 
t ions  applied for  the fac t  that  the hollow Babcoek and Wilcox dummy pins 
and the  ceramic f i l l e d  Westinghouse pins were l i g h t e r  than comparable 
pins with uranium oxide pel le ts .  

Table 6-1 shows the re su l t s  of the pin loading tests. These resu l t s  are 
not corrected fo r  weight differences. However, the weight c o r r e c t i o n s  
do not change the observed higher forces f o r  the  Westinghouse 17 x 17 
pins. Therefore, even though these pins had an approximate 5% advantage 
on packing f ract ion for  each can, they s t i l l  requi red  higher  load ing  
forces. This indicates that, within t h i s  range, the  approximately 20% 
increase i n  pin number favoring increased random c ros s ings  off  s e t s  the  
5% packing f rac t ion  advantage. 

The notes a t  the bottom of t h i s  t a b l e  i n d i c a t e  t h a t  more development 
work is required to ref ine  the design of the forming surface tha t  shapes 
the  approximately level  top surface of the f ree  pin bundle i n  the  120° 
trough to  the  can r ad ius  a s  i t  e n t e r s  the  can. This was a pa s s ive  
member during the testing. Lower angles, coatings to lower the  coef f i- 
c ien t  of f r i c t i on  between t h i s  surface and the pins, and ac t i ve  forming 
surfaces are being considered. Similar work is requi red  with the  45O 
trough where the forming surface provides f i n a l  l e v e l i n g  and conforms 



FUEL PIN COLLECTING AND LOADING TEST DEVICE 

IGURE 6-1 



3.6' COLLECTOR SLOPE PIN STACKING RESULTS 

FIGURE 6-2 



8.25' COLLECTOR SLOPE PIN STACKING RESULTS 

FIGURE 6-3 



SQUARE CAN LOADED USING 45' TROUGH 

FIGURE 6-4 
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UND CAN LOADED USING 120" TROUGH 

FIGURE 6-5 



TABLE '6-1 

CAN LOADING FORCE DEMONSTRATION 

NOTES : 

(1) Manual clearing of bowed pins required. 
(2) Manual clearing of jammed pins required due to trough-can misalignment. . 
(3) Tried vibration of pins to facilitate loading. 

Trough 
Cross Section+ 

120° 

Radius 

I 

45 O 

Pusher Force to Load Fuel Pins in Can (lbs.) 
Square I 

Fuel Pin Type+ 

Westinghouse 17 x 17 

Babcock & Wilcox 15 x 15 

Westinghouse 17 x 17 

Babcock & Wilcox 15 x 15 

westinghouse 17 x 17 

Babcock & Wilcox 15 x 15 

Average 

1042 

917 

1608 

900 

1000 

900 

Round 

Section 1 

850 

900 

1475 

800(~) 

900 

900 

Section 2 

1175(') 

800(193) 

1675(') 

ll00(l) 

1100 

900 

Section 3 

1100(~) 

1050(2) 

1675(') 

800(3) 

N. A. 

N. A. 



t he  bundle l i m i t s  to  the can s e c t i o n  dimensions. A l so ,  t h e  demonstra-  
t i o n  equipment h ighl ighted  the  requirement  f o r  can and can  s e c t i o n  a s  
we l l  a s  trough-can alignment to le rances .  

Figure 6-6 shows a schematic of t he  r ec t angu la r  l o a d i n g  t r o u g h  and t h e  
var iab le-area  can used t o  i n v e s t i g a t e  va r i ab l e  packing f r a c t i o n s .  The 
t o p  su r f ace  of t h i s  can  .was a d j u s t a b l e  p e r m i t t i n g  v a r i a t i o n s  i n  i t s  
c ros s - sec t iona l  area.  This permitted packing f r a c t i o n  va r i a t i ons .  

The r e s u l t s  of t h e  v a r i a b l e  packing  f r a c t i o n  t e s t i n g  a r e  shown i n  
F igures  6-7 and 6-8. A s  would be e x p e c t e d ,  l o a d i n g  f o r c e s  t end  t o  
i n c r e a s e  a t  an increas ing  r a t e  a s  packing f r a c t i o n s  decrease. Note t h a t  
a f t e r  co r r ec t ing  f o r  weight d i f f e r ences  ( i . e . ,  superimpose a s y m p t o t e s )  
and a l ign ing  common values on the absc i s sa ,  a given packing f r a c t i o n  of 
t h e  smal le r  number of pins ( i . e ,  Babcock and Wilcox 15 x 15 )  i s  much 
e a s i e r  t o  load. 

6.3 Conclusions and Recommendations 

It was found t h a t  a c o l l e c t o r  s lope of 8' tended t o  l e v e l  the  p r o f i l e  of 
t h e  f r e e  pins i n  the  c o l l e c t i o n  troughs. U t i l i z i n g  t h i s  s l o p e ,  i t  was 
found t h a t  s e l ec t ed  trough c r o s s  s e c t i o n s  of 4 5 "  f o r  s q u a r e  cans  and 
120' f o r  round cans preshape loose  pin bundles so t h a t  loading forces  do 
not  exceed acceptab le  l e v e l s  ( l e s s  than 1500 pounds) and mechanical j a m s  
a r e  minimized. 

It i s  a l s o  recommended t h a t  thetie r e s u l t s  be conf i rmed w i t h  p i n s  t h a t  
s i m u l a t e  t h e  we igh t  of U02 f u e l  p i n s .  Weight i s  e x p e c t e d  t o  be an  
important  parameter i n  f i x i n g  c o l l e c t o r  s lope  ang le s  a s  w e l l  a s  random 
c r o s s i n g s  of pins during loading. 

Fur ther  development work w i l l  a l s o  be necessary a t  the troughlcan in t e r -  
f a c e  t o  preclude ind iv idua l  p i n s  i n t e r f e r i n g  w i t h  t h e  l o a d i n g  of t h e  
bundle. Forming su r f ace  development and con t ro l l ed  i n t e r f a c e  to le rances  
should accommodate these  concerns. 
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7.0 INTEGRATED SYSTEM DEVELOPMENT 

7.1 Purpose 

The i n t e g r a t e d  system development f o r  disassembly and canning p r o c e s s e s  
c o n s i s t e d  of hardware demonstrations.  

One hardware demonstration cons i s t ed  of def in ing  the  problems a s soc i a t ed  
w i t h  t r a n s f e r  of an  i n t a c t  dummy f u e l  assembly through the  remote c e l l s .  
This  would be required i f  the  process  was i n s t a l l e d  i n  t h e  remote  sup- 
p o r t  c e l l  i n  a  development mode. 

Another demonstration cons i s t ed  of t he  i n t e g r a t i o n  of a s  many s t e p s  as 
f e a s i b l e  i n  a  d i s a s s e m b l y  and cann ing  p r o c e s s  t o  p r o v i d e  a n  i n i t i a l  
e s t i m a t e  of throughput c a p a c i t i e s .  

A f u e l  assembly t r a n s f e r  system t o  convey f u e l  from the  s t o r a g e  poo l  t o  
t h e  remote c e l l  a l r eady  e x i s t s .  It is  usable  "as is" i n  a  d i s a s s e m b l y /  
canning process.  Combining i t  with the var ious  e x i s t i n g  hardware items 
genera ted  v i a  component development  w h i l e  u s i n g  e s t i m a t e d  p r o c e s s i n g  
t i m e s  f o r  components not ye t  manufactured, a  review of t h r o u g h p u t  t ime  
was made. 

7.2 Resu l t s  

The dummy f u e l  t r a n s f e r  demonstrat ion showed t h a t  f o r  LWR f u e l  assem- 
b l i e s  i n  excess of 150 i n c h e s  v e r t i c a l  t r a n s f e r  t h r o u g h  t h e  headend 
would r e q u i r e  equipment m o d i f i c a t i o n  i n  t h e  v i c i n i t y  of t h e  d e l i v e r y  
p o s i t i o n  i n  the  remote c e l l .  Up t o  180-inch l eng ths  could be handled i n  
t h e  rest of the headend v e r t i c a l l y .  U t i l i z i n g  ho r i zon ta l  movement from 
t h e  d e l i v e r y  p o s i t i o n  a s  is  t h e  d e s i g n  i n t e n t  of t h e  e x i s t i n g  f u e l  
t r a n s f e r  t a b l e ,  complete t r a n s f e r  is  now demonstrable. 

Demonstration of a  loaded can f i t  i n  a  simulated r a c k  s e c t i o n  was suc- 
c e s s f u l  w i t h  a  nomina l  114- inch  t o t a l  c l e a r a n c e  e i t h e r  d i r e c t i o n .  
However, t h i s  appears  t o  be a  minimum c l e a r a n c e .  A p r a c t i c a l  working 
c l ea rance  w i l l  need f u r t h e r  demonstration. This c a n - f i t  d e m o n s t r a t i o n  
was combined with a  system demonstrat ion i n t e g r a t e d  t o  t h e  e x t e n t  t h e n  
p o s s i b l e  and r e a f f i r m e d  t h e  . p r o j e c t e d  p r o c e s s i n g  r a t e s  of 1 2  t o  
15 assembl ies  per day. 

7.3 Conclusions and Recommendations 

T r a n s f e r  of an  i n t a c t  f u e l  a s s e ~ u b l y  t h r o u g h  t h e  headend s p a c e s  i s  
f e a s i b l e .  

Under Option 1 a  p i n - f i l l e d  can can be loaded i n t o  a  pool  s t o r a g e  r a c k  
s e c t i o n  with a  t o l e r ance  of 114 inch t o t a l  e i t h e r  d i r ec t i on .  

A t  t h i s  s t a g e  i n  t h e  d e s i g n  and component deve lopmen t ,  t h e r e  a r e  no 
appa ren t  obs t ac l e s  to  r e a l i z i n g  processing r a t e s  of 12 t o  15 a s s e m b l i e s  



per day i n  a f u e l  d i sassembly / fue l  p in  canning process  i n  the  BNFP 
headend spaces. 



8.0 SYSTEM DESIGN DEVELOPMENT 

8.1 Purpose 

To ensure  adequate  space and viewing requirements  could be m e t ,  i n i t i a l  
equipment l a y o u t s  f o r  b o t h  t h e  d i s a s s e m b l y  and c a n n i n g  o p t i o n s  were 
made. I n i t i a l  des ign  concepts  t o  support these  l a y o u t s  were e s t a b l i s h e d  
t o  d e f i n e  t h e  s p a t i a l  envelopes of t he  i nd iv idua l  equipment  i tems t h a t  
would c o n s t i t u t e  t h e  i n t e g r a t e d  system. 

8.2 R e s u l t s  

The layout  of t h e  i n t e g r a t e d  system f o r  Option 1  ( i . e . ,  s q u a r e  c a n n i n g  
of f u e l  p ins  f o r  increased  pool s t o r a g e )  i s  shown i n  F i g u r e  8-1. The 
process  flow fo l lows  t h e  numerical order  of equipment l abe l s .  

Option 1 t o  i n c r e a s e  pool s t o r a g e  was a r r a n g e d  f o r  h o r i z o n t a l  p r o c e s s  
flow. A f t e r  de l i ve ry  of t h e  f u e l  assembly h o r i z o n t a l l y  i n  t h e  r e m o t e  
c e l l ,  t h i s  process  t r a n s l a t e s  t h e  f u e l  assembly approximately f o u r  f e e t  
perpendicular  t o  t h e  de l ive ry  ax is .  The process  then  moves t h e  f u e l  i n  
t h e  d i r e c t i o n  of i t s  lengthwise a x i s  f o r  end f i t t i n g  removal  and f u e l  
p i n  removal by rows. During t h e  f u e l  p i n  c o l l e c t i o n  f o r  c a n  l o a d i n g ,  
t h e  process  t r a n s l a t e s  t h e  f u e l  p ins  back t o  t h e  de l ive ry  ax is .  The pin 
bundle  i s  loaded i n t o  a  ha l f  s e c t i o n  of a square can. A second assembly 
i s  processed s i m i l a r l y  t o  load  t h e  o the r  ha l f  sec t ion .  Then, t h e  f i l l e d  
can  is capped and reloaded i n t o  t h e  de l ive ry  system which is  reversed  t o  
ca r ry  t h e  compacted f u e l  back t o  t h e  poo l  f o r  s t o r a g e .  Now t h e  p i n s  
from two assembl ies  a r e  s t o r e d  i n  a  pool rack  s e c t i o n  i n  which one  f u e l  
assembly had been previously s tored .  

The l ayou t  of t h e  i n t e g r a t e d  system f o r  Option 2  ( i . e ,  round c a n n i n g  of 
f u e l  p i n s  f o r  i n c r e a s e d  t r u c k  c a s k  s h i p p i n g  c a p a c i t y )  i s  shown i n  
F i g u r e  8-2. Here aga in ,  t h e  process f low fo l lows  t h e  numerical order  of 
t h e  equipment l a b e l s .  

Option 2  t o  i n c r e a s e  t ruck  cask shipping capac i ty  was l a i d  out a l s o  a s  a  
h o r i z o n t a l  process. F u e l  d e l i v e r y ,  end f i t t i n g  removal, and p i n  removal 
a r e  i d e n t i c a l  f o r  both op t ions .  However, d u r i n g  f u e l  p i n  c o l l e c t i o n  
under O p t i o n  2 ,  t h e  p r o c e s s  c e n t e r l i n e  i s  t r a n s l a t e d  a n  a d d i t i o n a l  
3-112 f e e t  from t h e  de l ive ry  ax is .  This  provides  ope ra t i ona l  c l e a r a n c e  
s o  t h a t  t h e  loaded c a n  i s  u n o b s t r u c t e d  a s  i t  i s  r e o r i e n t e d  from i t s  
h o r i z o n t a l  load ing  p o s i t i o n  t o  i t s  v e r t i c a l  h a n d l i n g  p o s i t i o n .  The 
v e r t i c a l  p o s i t i o n  i s  n e c e s s a r y  f o r  d e l i v e r y  t o  t h e  d r y  c a s k  l o a d i n g  
a r  ea. 

Both op t ions  r e q u i r e  o f f - l i n e  processes  o f :  

( 1 )  A non-TRU s o l i d  waste system t h a t  compacts  and packages  t h e  f u e l  
assembly minus f u e l  p ins  ( i .  e . ,  t h e  c u t  end f i t t i n g  and t h e  f u e l  
ske l e ton ) .  



1 Fuel Transfer Conveyor* 
2 Transverse Fuel Pusher. 
3 Fuel Feed Magazine* 
4 Fuel Holder 
5 End Fitiing and Skeleton Waste Chute 
6 Fuel Pln Puller 
7 Fuel ~ i ' n  Collector Surface 
8 Fuel Pin Loader and Collector Trough 
9 Fuel Pin Can Cap Positioner 

10 Empty Can Positioner 
11 Fuel Pin Can Holder 
12 Non-standard Fuel Holder 
13 Filled Can Temporary Storage 

Existing 

DISASSEMBLY AND CANNING SYSTEM TO INCREASE POOL STORAGE - OPTION 1 
FIGURE 8-1 



1 Fuel Transverse Conveyor* 
2 Transverse Fuel Pusher* 
3 Fuel Feed Magazine* 
4 Fuel Holder 
5 Fuel Pin Puller 
6 Fuel Pin Collector Surface 
7 End Fitting and Skeleton Waste Chute 
8 Fuel Pin Loader and Collection Trough 
9 Fuel Pin Can Cap Positioner 

10 Can Cap 'JVelder and N D E System 
11 Empty Can Positioner 
12 Fuel Pin Can Holder 
13 Filled Can Righter 
14 Nonstandard Fuel Holder 
15 Filler Can Temporary Storage 

Existing 

DISASSEMBLY AND CANNING SYSTEM TO INCREASE SHIPPING CAPACITY - OPTION 2 



( 2 )  A "jammed-pin" assembly r e l o c a t i o n  system t h a t  a l l o w s  n o n s t a n d a r d  
disassembly away from the  normal processing area.  

( 3 )  An empty f u e l  can supply. system t h a t  feeds  and pos i t i ons  cans with- 
ou t  remote crane a s s i s t ance .  

These were included i n  t he  layout  e f f o r t  of both opt ions.  

A non-TRU waste system u t i l i z e s  the  same c u t t i n g  - d e v i c e  , t h a t  c u t s  o f f  
t h e  forward end f i t t i n g .  The f u e l  ho lder  has an i n t e g r a l  f u e l  a s s e m b l y . .  
feed  system t h a t  incrementa l ly  advances the  ske l e ton  ( i . e ,  a f t e r  removal 
of f u e l  p in s )  t o  t h i s  c u t t e r .  The cu t  segments  c o n s i s t i n g  o f ,  t h i m b l e  
tubes ,  spacer  g r i d s ,  and back end f i t t i n g  f a l l  b y ' g r a v i t y  v i a  .a w a s t e  
chute  t o  the  e x i s t i n g  s o l i d  waste handling system i n  the  headend. 

The only component of t he  nonstandard processing s y s t e m  shown i n  t h e s e  
f i g u r e s  is  a n o n s t a n d a r d  f u e l  h o l d e r .  T h i s  i s  a t empora ry  h o l d i n g  
s t a t i o n  f o r  f u e l  whose pins  would not . p u l l  f r e e  i n  t h e  normal  p r o c e s s  
f o r  whatever reason. From t h i s  h o l d i n g  s t a t i o n  t h e  f u e l  a s sembly  is  
r e l o c a t e d  t o  a work s t a t i o n  i n  t h e  remote  s u p p o r t  c e l l .  Here each  . . 

assembly w i l l  be handled on a case-by-case b a s i s  w i t h  ' a  f u l l  i n v e n t o r y  
of both mechanical and thermal remote "hand too l s "  ava i l ab l e .  

An empty can supply system i s  a l s o  shown i n  bo th  f i g u r e s  i n  phantom. 
The i n t e n t  is t h a t  an automated system rece ive  cans from a c o l d  s u p p o r t  . 

a r e a ,  r e o r i e n t  them t o  process ,  and p o s i t i o n  and s e c u r e  them f o r  l oad -  
ing. This f r e e s  t he  maintenance cranes and power m a n i p u l a t o r  from any .. 

process  opera t ion  support  except f o r  a crane providing i n t e r - c e l l  t rans-  . , . 

f e r  of f i l l e d  cans under Option 2. This  precludes process i n t e r f e r e n c e  
of t he se  maintenance u n i t s  a s  wel l  a s  u n n e c e s s a r y  wear and t e a r  which . . 

would compromise t h e i r  "ready-standby" s t a t u s  f o r  maintenance. 

8 . 3  Conclusions and Recommendations . . 

The system laybut  and design development has shown t h a t  a d e q u a t e '  s p a c e  . 

and remote viewing does e x i s t  i n  the remote c e l l  f o r  the  i n s t a l l a t i o n  of , . 

a f u e l  disassembly/pin canning process f o r  e i t h e r  o p t i o n .  It f u r t h e r  
i n d i c a t e s  t h a t  t he  dedicated equipment c o n c e p t  f o r  a l l  p r o c e s s  opera-  
t i o n s  i s  f e a s i b l e  and t h a t  remote maintenance r equ i r emen t  s a r e  compat- 
i b l e  with e x i s t i n g  remote maintenance support equipment. 
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1.0 FRICTION SAWING TESTS 

During t h i s  program, various cutt ing arrangements were u t i l i z e d  and a 
range of operating parameters were investigated t o  e s t a b l i s h  workpiece 
feed and cut t ing ra tes ,  saw band speeds, and spacing l imita t ions  between 
the  ve r t i ca l  tube holding f i x t u r e  p l a t e s .  The band wander, ch ip  and 
f i ne s  accumulation, and bur r  con f igu ra t i on  and c h a r a c t e r i s t i c s  were 
recorded and photographs were taken to document the  s e tup  and va r ious  
resul ts .  

The holding f ix ture ,  as shown i n  Figure 2-2, ms employed to  arrange and 
hold the tube sections i n  the required configuration f o r  cu t t i ng .  The 
f i x t u r e  was f r ee  t o  move across the f r i c t i o n  saw t a b l e  s u r f a c e  and was 
guided i n  a l inear  path t o  the  saw band through the use of a deadweight 
p u l l  f i x t u r e  a s  shown i n  Figure Al-1. The deadweight p u l l  f i x t u r e  
employed known weights which maintained the various workpiece p re s su re s  
against  the saw band during the cu t t i=  tes ts .  The f ix ture  ha lves  were 
posit ioned w i t h  space between t h e i r  v e r t i c a l  su r f aces  t o  a l low cu t  
measurements and to  provide su r f aces  with  which t o  con ta in  t he  swarf 
during the actual  cutting. 

Chip and f ines  col lect ion was achieved by the use of a shroud over t he  
f i x t u r e  (F igure  A1-2) t o  c o l l e c t  swarf e j e c t e d  from the  tubes .  A 
s l o t t ed  cup was f i t t e d  under the table and around the sand band to  catch 
pa r t i c l e s  carried by the saw band. 

A commercial f r i c t i o n  sawing machine was purchased from the  Do-A11 
Company and i n s t a l l e d  i n  t he  shop a r ea  permi t t ing  f l e x i b i l i t y  and 
application modification tes t ing  during the program. The machine is a 
Zephyr Model ZR3620 variable-speed type with  a 3000 t o  15000 f e e t  per 
minute saw band speed range. The machine is powered by a d i rec t -dr ive ,  
10-hp, 1800-rpm, 460-volt motor. The f r i c t i o n  saw bands a r e  s tandard  
vendor-supplied s t o c k  i tems,  0.035-inch t h i c k  by 1 i nch  wide. Both 
10-pitch and 14-pitch saw bands were used i n  the  tes t .  

The tubes  employed i n  the  t e s t s  were seamless,  Type 304, a n n e a l e d  
s t a i n l e s s - s t e e l  with 5/8-inch ou t s ide  diameter and 0.035-inch wa l l  
thickness. 

2.0 TEST PROCEDURES AND RESULTS 

The i n i t i a l  and repl icat ion t e s t s  were all performed using the  twenty- 
tube configuration. 

The tes t ing  was conducted using a random sequence of sixteen test param- 
e t e r  combinations (see  Figure 82-1) t o  eliminate sequence-related bias .  
These rep l ica te  cuts were sequenced a t  the beginning, middle, and end of 
the  test ing.  Two rep l ica te  test cuts,  based on the h ighes t  feed pres- 
sure and lowest blade speed and v i c e  versa  p lus  another  a r b i t r a r i l y  



FIXTURE SETUP 

FIGURE A l - 1  





0 - Relatively Favorable Burr Formation 

- Relatively Unfavorable Burr Formation 

Blade Pitch = 10 

3 7 11 15 

Blade Speed, ,000 fpm 

Test # Cutttng Time 

Wetght of Chtps Collected 

Note Tests with a fourteen pitch blade may indlcate a very slight 
~mprovernent over a ten pitch blade in burr formation: however, 
results are ~nconclustve. 

FRICTION SAW EVALUATION 

FIGURE AZ-1 



chosen one, were a l so  included. The matrix was based on the  fol lowing 
parameters: 

Blade Speeds - The high (15,000 FPM) and low (3000 FPM) l i m i t s  of the 
saw speeds,  t he  manufacturer ' s  recommended speed (7000 FPM) f o r  
c u t t i n g  t h i n  w a l l  s t a i n l e s s  steel,  and a low-f r ic t ion  saw speed 
(11,000 FPM) were chosen. 

Feed Pressures - A low value was e s t a b l i s h e d  t h a t  would move the  
tube-loaded f ix ture  across the saw band i n  ten minutes or l e s s .  The 
ten minutes was an a rb i t ra ry  time chosen a s  a reasonable cutt ing time 
within a complete disassembly cycle. The upper value was considered 
t o  be the maximum pressure which would not break o r  damage the  saw 
band. Two intermediate values were a r b i t r a r i l y  selected a t  ten-pound 
increments. 

Blade Pi tch - Ten-pitch and fourteen-pitch blades were provided with  
the  machine. A complete s e r i e s  of t e s t s  with three replications were 
run with the ten-pitch band; four t e s t s  were run with  the  four teen-  
p i tch  band. 

Generally, a review of i n i t i a l  t e s t  versus r e p l i c a t i o n  r e s u l t s  estab- 
l i shed confidence t h a t  v a r i a b i l i t y  i n  t e s t i n g  technique had minimal 
impact on results .  Results reviewed included the  c u t t i n g  t ime, burr  
formation, and amount of chips/fines collected. 

I n  terms of burr  format ion,  p a r t i c l e  s i z e  and c o l l e c t a b i l i t y ,  and 
cut t ing t i m e ,  the most favorable sawing parameters u t i l i z e  high-feed 
pressure and low-blade speed. This can be seen i n  the  t e s t  mat r ix  
(Figure A2-1) and i n  the r e su l t s  of the sieve analysis of Table A2-1. 



TABLE A2-1 

SIEVE ANALYSIS 

Particles obtained from the tests corresponding to the tested com- 
binations of extremes on feed pressures and blade speeds in feet per 
minute (BFPM) . 

Cumulative 
Test No. Screen Size % Retained % Retained 

45 lbs. feed 80 

3000 BFPM 100 

120 

170 

200 

13 40 

15 lbs. feed 80 

3000 BFPM 100 

120 

170 

200 

3 40 

45 lbs. feed 80 

15,000 BFPM 100 

120 

170 

200 

18 40 

15 lbs. feed 80 

15,000 BFPM 100 

120 

170 

200 
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1.0 LASER CUTTING TESTS 

During t h e  f e a s i b i l i t y  program, va r ious  c u t t i n g  arrangements were 
u t i l i z e d  and a range of operating parameters were investigated t o  estab- 
l i s h  cut t ing ra te ,  l aser  power requirements, gas je t  nozzle positioning, 
and spacing l imita t ions  between the ve r t i ca l  surfaces of the tube hold- 
ing fixture.  

The holding f ix ture ,  a s  shown i n  Figure 2-2, was employed to  arrange and 
hold the tube sections i n  the desired con f igu ra t ion  f o r  cu t t ing .  The 
f i x t u r e  was securely attached t o  a f l a t  movable t a b l e  t o  permit t rans-  
l a t i o n  of the tubes through the laser  beam path a t  va r ious  c o n t r o l l e d  
ra tes .  The height of the table  was adjustable to permit p r e c i s e  posi- 
tioning of the l a s e r  beam f o c a l  po in t  with r e s p e c t  t o  t he  workpiece 
surface. A typical  setup is shown i n  Figure B1-1. 

An exist ing concentric gas j e t  nozzle was included i n  t h e  set-up. A s  
shown on the accompanying photographs, i t  was positioned above t h e  tube  
array with i ts  p o s i t i o n  f i x e d  wl th  r e s p e c t  t o  t he  path of t he  l a s e r  
beam. The nozzle included an o r i f i c e  i n  i t s  cen te r  through which t h e  - 
focused laser  beam could pss  and which e s t a b l i s h e d  t h e  gas  j e t  f low 
pat tern which was intended to  be colinear with the laser  beam path. The I 
nozzle was constructed of sol id  copper and i s  cooled by the flow of gas I 

through nozzle passages. I 

I 
Based on prior experience, helium was chosen a s  t h e  "cu t t i ng"  gas f o r  I 

a l l  the t e s t s ,  and i n  general, 150 ps i  was used for  a l l  tests. 

An £ / I8  re f lec t ing  opt ical  system, consisting of water-cooled, pol ished 
mirrors was u t i l i zed  for  a l l  tes ts .  This system provided a suff ic ient ly  
focused beam a t  any point i n  the array to enable t h e  e n t i r e  tube a r r ay  I 

t o  be cut without refocusing. i 
An Avco HPL@ laser  provided the 15-kilowatt, CW, C02 beam. This  l a s e r  
i s  a transverse flow device which inco rpo ra t e s  an  ion ize r - sue t a ine r  
design feature  to i n i t i a t e  and maintain a uniform, controlled d i scharge  
i n  the op t ica l  cavi ty .  A closed-loop power monitoring de t ec to r  and 
control ler  provide capabil i ty to  preprogram and maintain any power leve l  
required. The laser  rad ia t ion  occurs i n  the  f a r  i n f r a r e d  a t  a wave- 
length of 10.6 microns. 

2.0 TEST PROCEDURE AND RESULTS 

I n i t i a l  experiments were f i r s t  conducted on a s ingle  tube. Then, using 
two tubes, arranged one over t h e  o t h e r ,  a d d i t i o n a l  i n i t i a l  runs  were 
made t o  evaluate the test setup and explore t h e  parameter range which 
would be needed 60 achieve a sat isfactory cut. Laser power was set a t  
15 kilowatts (maximum available) with cut t ing speeds i n  the range  of 24 
t o  40 inches per minute CIPM). It was found that  a s ingle  tube could be 
cut  a t  40 IPM using 100 ps i  helium gas jet.  



TYPICAL FIXTURE SETUP 

FIGURE B1-1 



To achieve a f u l l  cut i n  one pass through two tubes pos i t ioned  v e r t i -  
ca l ly ,  it was necessary to  lower the speed t o  24 IPM and inc rease  the  
helium gas pressure to 150 p s i .  During the  s ingle- tube and two-tube 
arrangement cuts ,  t he  gas j e t  nozzle  was loca ted  t o  t h e  s i d e  of the  
upright tube holding f i x t u r e  su r f aces  enabl ing i t  t o  be pos i t ioned  
118 inch above the tube surface. This i s  shown i n  Figure B2-1. 

Subsequent t es t ing  investigated the parameters for  c u t t i n g  f i v e  tubes 
arranged ver t ica l ly  i n  the holding f ixture .  The gas jet nozzle remained 
positioned as for the i n i t i a l  t e s t s ,  but t o  cut a l l  f i v e  tubes  i n  one 
pass, a transverse speed reduction to 8 IPM was necessary. 

A f u l l  array of twenty tubes was setup i n  the  tube holding f i x t u r e  t o  
observe the performance of the laser cut t ing process on a complete tube 
bundle. The gas jet nozzle location was retained a t  t he  same 118-inch 
p o s i t i o n  previously determined. The arrangement i s  shown i n  F ig -  
ure B2-2. A single pass cut was made a t  8 IPM and 15-kilowatt  output  
power with the resu l t  that  a l l  but one tube was completely cut through. 
The uncut tube was located i n  the bottom row and was the l a s t  tube to  be 
exposed t o  the beam. A second t e s t  was made, and t h e  r e s u l t s  were t h e  
same as the f i r s t  t e s t .  The t ravel  speed was reduced to  6 IPM i n  hopes 
of cutt ing a l l  twenty tubes. However, t h i s  was not successful. 

The a b i l i t y  of the laser to  cut a twenty tube array i n  which the severed 
tubes remain in  place during the cu t t ing  was a l s o  i n v e s t i g a t e d .  This  
more closely simulates the cut t ing of the fuel assembly top end f i t t i n g .  
The setup was mdi f ied  by positioning the gas jet nozzle 118 inch above 
the tube holding f ixture  side plates  (112 inch above the tube s u r f a c e ) ,  
which were spaced a distance of 318 inch apart. This spacing s imula tes  
the  minimum distance anticipated between the PWR-type fuel  pins and the  
top end f i t t i n g .  The configuration is shown i n  Figure B2-3. 

Single pass cuts were made a t  6 and 5 IPM. A t  6 IPK, f i v e  tubes  were 
not cut through; and when using 5 IPM, four tubes were nut cu t .  It was 
noted that the tubes which could not be cut  were i n  t h e  same phys i ca l  
location each time. The body of the gas je t  nozzle was also found to be 
unexpectedly hot, indicating tha t  some of t he  l a s e r  energy was being 
absorbed by the nozzle. Heat generated by the absorbed energy lead t o  
thermal expansion, f u r t h e r  obs t ruc t ion  of the beam pe r iphe ry ,  and 
fur ther  reduction in  the energy transmitted through the o r i f  i c e  nozzle  
t o  the tubes. 

Based on the resu l t s  achieved in  the preceding run,  i t  was decided t o  
increase the spacing between the  v e r t i c a l  p l a t e s  of the  f i x t u r e  t o  
2.8 inches to  permit the gas jet nozzle to be positioned just above t h e  
tube surface as in  the ea r l i e r  setups. A single pass was made a t  5 IPM 
(requiring a beam "on" time of 1 .4  minutes ) .  Af te r  t h i s  pas s ,  e igh t  
tubes remained uncut. The gas jet nozzle was permitted to cool t o  room 
temperature and a second pass was then made over the eight uncut tubes .  
The tubes were successfully severed ( see  Figure  B2-4), demonstrating 
that  an array of twenty tubes can be cut  by the  l a s e r .  The need for  
improved cooling in  the gas je t  nozzle was also apparent. 



JET POSITIONED 118" ABOVE THE SURFACE 

FIGURE B2-1 



TWENTY TUBE CUTTING-GAS JET DISPLACED FROM FIXl'URE 

FIGURE B2-2 

B-5 



TWENTY TUBE CUTTING-GAS JET POSITIONED ABOVE FIXTURE 

FIGURE B2-3 



TUBES COMPLETELY SEVERED 

FIGURE B2-4 
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